The effect of Zn 2+ concentrations on the formation of zinc phosphate conversion coatings (ZPCCs) on Al-Mg-Zn alloy was investigated. The morphology of the coatings was studied by scanning electron microscopy (SEM) and X-ray diffraction (XRD). The corrosion resistances of the coated and uncoated samples were evaluated by open circuit potential and potentiodynamic polarization techniques. The results revealed that the conversion coating consists of hopeite as a single phase. Furthermore, the results indicated that the corrosion resistance of the coated Al-MgZn samples was found to increase with increasing Zn 2+ concentration.
INTRODUCTION
Aluminum alloys have high strength-to-weight ratio that makes them attractive for applications in the aerospace industry [1] [2] [3] . Aluminum is alloyed to increase the strength by forming intermetallic compounds (IMCs); however, IMCs that are more cathodic than aluminum can also increase the susceptibility of the alloys to corrosion. The most frequently used classes of aluminum alloys in the aerospace industry are the 2000 and 7000 series, which have copper and zinc, respectively, as the predominant alloying elements [4] . Two common alloys are 2024 with nominal alloying additions (all in wt%) of Cu-4.4%, Mg-1.5%, and Mn-0.6% and 7075 with nominal alloying additions of Zn-5.6%, Mg-2.5%, Cu-1.6%, and Cr-0.23% [4] . Both alloys contain magnesium as a secondary alloying addition.
Aluminum is highly reactive and forms a self-healing, passive oxide layer that can protect the underlying alloy from atmospheric corrosion [1, 3, 5] . For magnesium-containing alloys such as 7075, magnesium diffuses to the surface during heat treatment, thereby producing a magnesiumrich surface oxide [4] . It was suggested that magnesium diffuses to the surface through the Al 2 O 3 grain boundaries to form MgO. Further, magnesium can even reduce the native alumina to metallic aluminum so that the aluminum-rich oxide layer may also contain some metallic aluminum [4] .
In order to reduce the tendency towards corrosion and improve the adhesion with the paint, the aluminium alloy surface is typically modified by a chromate-based chemical conversion pretreatment. Despite the undeniable qualities and advantages of this chromate treatment, such technology should be soon withdrawn from any industrial process since hexavalent chromium has been recognized to be highly toxic and carcinogenic [6] . Currently, much effort was made to develop more freindly alternatives. Among the various reported alternatives, such as treatments with phosphate conversion coating (PCC) [7,8,] . PCC treatment was believed as one of the most promising systems, and many researchers according to Table 1 have reported many treating solutions which could effectively inhibit the corrosion of aluminum alloys. Table 1 have focused on fundamental aspects of ZPCC process, characterization of coatings and effect of some additional agents to improve coatings quality. However, the effect of Zn 2+ concentration on the formation of ZPCCs on Al-Zn-Mg alloy has not been reported. Therefore, the aim of this study is to investigate the effects of Zn 2+ concentration on the formation and characteristics of the ZPCC. Furthermore, the corrosion resistance of the ZPCCs was investigated.
EXPERIMENTAL WORK

Substrate and coating
The present study was carried out using AA 7075-T6 rods, which was obtained from 63-Egyptian armed factory and has the nominal composition as shown in Table.   Table 2 . Chemical composition of AA7075 Al alloy in (wt. %).
The rods were cut into samples with 11mm diameter and 20 mm length. The surfaces were chemically pickled with 5% KOH for 3 min, and then rinsed 3 times with deionized water. After rinsing, the samples were immersed for 20 min in a phosphating bath of 20 ml/L (85%) H 3 PO 4 , 4.0 g/L NaNO 3 and different amount of ZnO (3,6,9 12 g/L ) at temperature of 80 °C. After the phosphate treatment, the samples were rinsed with deionized water and dried in ambient air.
Electrochemical measurements
The corrosion analysis was performed by A Potentiostat/Galvanostat (EG&G model 273) and a personal computer were used. M352 corrosion software from EG&G Princeton Applied Research was used for the potentiodynamic polarization, and the current/time transient measurements. A three-electrode cell composed of a specimen as a working electrode, Pt counter electrode, and Ag/AgCl reference electrode were used for the tests. Polarization tests were carried out at a scan rate of 0.5 mv/s at room temperature. Specimens with exposed surface area of 2 cm 2 were used as a working electrode. The potentiodynamic curves were recorded by changing the electrode potential, including compensation for the ohmic drop potential of the solution, automatically from −0.250V E cor to the required anodic potential at a potential scan rate of 0.5mvs −1 . For each run, a freshly prepared solution as well as a cleaned set of electrodes was used. Each run was carried out in aerated stagnant solutions at room temperature. At least three separate experiments were carried out for each run to ensure reproducibility of results. The reproducibility of the polarization curves was good.
The PAR Calc Tafel Analysis routine statistically fits the experimental data to the Stern-Geary model for a corroding system. The routine automatically selects the data that lies within the Tafel region (±250 mV with respect to the corrosion potential). It then calculates the corrosion current and the corrosion rate. The solutions were prepared using analytical reagent grade chemicals and distilled water. The volume of the test solution was 250 ml.
Surface analysis
Scanning electron microscope (SEM) associated with energy dispersion X-ray (EDX) spectrometry was used to observe the morphology of zinc phosphating coating. The structure of the phosphate layer was also determined using X-ray diffraction (XRD, Philips Analytical X-ray B.V. Machine). Fig. 1 . It can be seen that the hopeite can be precipitated readily in the bath .The reactions which lead to formation of hopeite can be as follows [10] [11] [12] [13] : . 
RESULTS AND DISCUSSIONS 3.1. Coatings formation and characterization
In the phosphating bath, Zn(NO 3 ) 2 has two actions. First, it provides Zn 2+ in the solution according to Eq. (4). Secondly it accelerates the phosphating process. Zn(NO 3 ) 2 →Zn 2+ +2NO 3 (4) The X-ray diffraction pattern of Al-Zn-Mg-Cu alloy before and after coating is shown in Fig 2. It can be seen that the substrate (Fig. 2a) contains α-Al solid grains. While Fig. 2b indicates that the coating formed on the substrate is a single phase coating, with the chemical formula of Zn(H 2 PO 4 ) 2 .2H 2 O. `Also it can be seen that with increasing Zn 2+ concentration, the intensity of hopeite increases, while the α-Al diffraction intensity decreases. The existence of Zn on the surface of the investigated alloy in absence of Zn is due to the dissolution of Zn from the alloy. The morphology of phosphating coating at different Zn concentration is shown in Fig 3. It can be seen that coatings have the same morphology. However, the uniformity and compactness of coating increase with increasing Zn concentration. Energy dispersive X-ray analysis (EDX) technique was performed in order to get information about the composition of the surface of the investigated alloy. The results of EDX spectra are shown in Fig 4. The coatings were composed of zinc, phosphorus, oxygen, magnesium and aluminum. The percentage weight of various elements determined by EDX in marked points is shown in Tables 2. It can be seen that the content of zinc and phosphorus increase with increasing Zn concentration in the bath. This result is in agreement with X-ray analysis. The effect of Zn concentration on coating weight is shown in Fig. 5 . It is obvious that as Zn concentration increases, the weight of the coating increases. Furthermore, Fig 6 indicates the porosity as a function in Zn concentration. It can be seen that the porosity of the coating decreases with increase in Zn concentration. This behavior can be attributed to increasing the amount of metallic zinc formed on the surface especially in the first stage of coating.
Jegannathan et. al [14] found that during the formation of zinc phosphate chemical conversion coating, in the initial periods metallic zinc coating is formed, followed by the codeposition of metallic zinc and nonmetallic zinc phosphate in subsequent stages. However, the ratio of metallic zinc to zinc phosphate is very high in the first stage of coating. 
Open circuit potential
The change in open circuit potential of phosphated and non-phosphated Al-Zn-Mg alloy on monitored time in a 3.5 wt % solution are presented in Fig. 7 and 8 . In the case of nonphosphated Al-Zn-Mg alloy the OCP increased from its initial value of −880 mV to a stable value of −900 mV (Fig. 7 ) . For the phosphated specimens with different zinc ions the initial value of OCP was more positive ( −460 to −480 mV) but it increased with time. Its evolution depends on the amount of zinc concentration. They reach the limit of about -530 to −510 mV with increasing zinc ions from 0.0 to 9 g/l. This means that the porosity of the coating decreases with increase in Zn concentration. Therefore, the electrochemical reaction decreases [15] . 
Potentiodynamic polarization
Potentiodynamic polarization of uncoated alloy in 3.5%wt. NaCl solution is shown in Fig. 9 . It can be observed from potentiodynamic polarization curves that the cathodic and anodic curves show a regular pattern. The anodic current density continuously increased with increasing potential. This behavior shows that the alloy has active dissolution behavior in 3.5%wt. NaCl solution.
On the other hand, Fig. 10 shows the potentiodynamic polarization curves of phosphating coating with different Zn concentration on the surface of investigated alloy. The cathodic polarization curves show a regular pattern and the cathodic current densities decreases with increasing zinc concentration. The anodic curves show that with an increase in zinc concentration the corrosion potential (E corr ) shifts to more noble potential and the corrosion current density (i corr ) decreases. Electrochemical data obtained from the anodic polarization curves are presented in Table 3 . It can be seen that the corrosion rate decreases from 388 mpy to 5.74 mpy. This indicates that the formed layer has a good adhesion to the metal and provides an effective barrier to the metal dissolution. The anodic slope (b a ), is similar for all samples, indicating that the coating acts as an anodic type inhibitor. 
Corrosion surface morphology
The corrosion surface morphology of phosphated and non-phosphated Al-Zn-Mg alloy after 15 days constant immersion testing was observed using scanning electron microscopy (SEM) as shown in Figs 11and 12 . It can be seen that of the non-phosphated Al-Zn-Mg alloy ( Fig. 11 ) suffers from and deep and large pits. While the coated samples exhibit a protective behavior on the surface (see Fig 12) . This behavior is attributed to self-healing effect. Whereas the products of corrosion close some of available pore spaces on the surface and produce dense structure. 
CONCLUSIONS
Zinc phosphate conversion coatings were formed on Al-Zn-Mg alloy through immersion in the zinc phosphate conversion solutions. Various concentrations of Zn 2+ were applied. The results indicated that the conversion coating consists of hopeite as a single phase. On the other hand, the results indicated that with increasing Zn 2+ concentration, the coating formation and growth rates became faster and the zinc phosphate conversion coatings became dense.The corrosion resistance increased with increasing zinc ions concentration and the coating has self-repairing capability in 3.5% NaCl solution.
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